Effects of transplanted seedling density and species on sward structure of native warm-season grass (NWSG) stands were compared in a randomized complete block design. About 6-week-old NWSG (big bluestem (BB, Andropogon gerardii Vitman), eastern gamagrass (GG, Tripsacum dactyloides L.), indiangrass [IG, Sorghastrum nutans (L.) Nash] and switchgrass (SG, Panicum virgatum) seedlings were transplanted in 45-cm wide rows on clean-tilled seedbeds. Within-row spacing was 30, 25, or, 20 cm giving 10, 12, and 15 plants m −2 as low, medium, and high seedling density, respectively. During establishment, the stands were allowed uninterrupted first year growth without fertilizers or irrigation but when necessary, tall-growing broadleaf weeds were mechanically removed. In the following spring, all dead standing biomass was mowed down to allow emerging tillers access to sunlight. During the second year after planting, early-spring basal diameters, row-length intercepted by the NWSG crowns, mid-summer sward heights, and percentage bare ground were determined. From the second June after planting, and for two consecutive years, plots were harvested twice year −1 to assess forage biomass. Data showed that, unlike species, seedling density had no effect on the assessed parameters. Cumulative forage biomass, in kg DM ha −1
Introduction
In the Southeast United States, frequent mid-summer forage shortages (summer slump), have made livestock producers more interested in the potential ability of native warm-season grasses (NWSGs) to increase forage productivity of their pasture systems. There is also a growing interest among land owners and/or managers, in other NWSG for bioenergy production, soil conservation, and other ecosystem benefits. Despite the unique abilities of NWSGs to remain productive during extended hot dry summers, most livestock producers are yet to confidently incorporate them into their forage systems due to uncertainties associated with their establishment. This is so because NWSG establishment is difficult, costly in both time and resources, and initial stands often exhibit poor performance. In most cases, such bad experiences are attributable to producers' reliance on conventional pasture establishment techniques and equipment that are not suitable for NWSGs. Usually, NWSG establishment is impacted by a combination of genetic and environmental factors as well as challenges associated with small seed size and weight [1] . Factors like low germination percentage and/or emergence, seed dormancy, low seedling vigor and survival, and severe weed competition, negatively impact the success of NWSG establishment. These factors necessitate research to seek faster establishment methods for NWSGs and avail information for their early integration into summer forage systems.
One alternative to seeded establishment of these NWSGs is raising seedlings in a weed-free environment and transplanting them onto clean seedbeds when growing conditions are optimum [2] . This is so because transplanting bypasses the most vulnerable seedling phases (germination, emergence and establishment) which gives the native grasses an edge over the annual weeds in competition for light, space, and soil-based resources. Effectively, transplanting may allow for rapid establishment of such species that might otherwise take longer to develop from seeds as previously reported [3] [4] . However, depending on the competitive ability of the major weeds in the area, transplanted seedlings may still suffer limited access to sunlight and resource competition. Additionally, the survival of transplanted native bunchgrasses still depends on the growing condi- yield responses among different planting densities [7] [8] [9] . However, the applicability of these approaches for mixed NWSGs stand establishment is not well understood. Differences in how NWSGs respond to defoliation may affect the reliability of transplanting as a weed control strategy. This is especially so if regrowth performance of one species is weak, a situation that may favor weed growth. In this study, therefore, the growth responses of BB, GG, IG, and SG stands at three different seedling densities to frequent defoliation were compared with respect to forage yield, sward structure, and species composition.
Materials and Methods

Location and Field Preparations
The study was conducted at Virginia State University's research farm (Randolph 32.1˚C, and 31.2˚C, respectively [10] . Prior to starting the experiment, the field had been fallowed for a year following several years of rotational corn-soybean row-cropping. However, during the fallow year, the field was plowed and harrowed, but not planted. During the fallow year, the field was mowed to weaken the thicket of annual weeds. Glyphosate {N-(phosphonomethyl) glycine} was applied to kill unwanted vegetation and the field cultivated with a row tiller prior to transplanting. Seedlings were firmed in to the soil by covering with ≥2-cm thick soil layer.
Seedlings Preparation, Plot Layout, and Planting
Missing or improperly placed seedlings and/exposed roots were corrected, manually. To ensure smooth machine operations and seedling survival, transplanting was done about three days following a rainfall event. Planting was completed within two weeks with control plots seeded at ≤2-cm depth. High seed-rate recommendations by the Ernst Conservation Seeds, Inc., for forage stand establishment were followed.
Field Management
The transplanted stands were allowed uninterrupted first-year growth and, as necessary, tall-growing broadleaf weeds were chopped down using a hoe to minimize their competitiveness against the NWSGs seedlings. However, throughout the study, plots were not irrigated or fertilized. Early in the following spring, dead standing biomass was mowed down to allow emerging tillers access to sunlight.
Vegetation Measurements
To assess how seedling density and/or species might affect establishment success and sward structure, six early-spring basal diameter readings of the respective native grass stubbles were determined at about 2.5 cm above soil surface. This was carried out along two inside rows as indicators of the plant's cross-sectional area near the ground and four readings were recorded within each of three 1-m line segments at least 60 cm apart but excluding the outermost stubbles. During the same year and just before the first harvest, mid-summer sward height (cm)
readings were recorded at 60-cm intervals. The sward height reading was recorded as the topmost level at which a meter stick held horizontally above the sward and against a Robel pole touched at least two leaves on separate rows. For the data analysis, these height readings were compared as four-point averages.
Alongside the height measurements, the proportions (%) of ground covered by vegetation (live or litter), and bare in the established native warm-season grass stands were also recorded. All dead plant parts found recumbent on the ground surface, including those still attached to the mother plant, were considered litter.
As defined in [11] , the percentage of material other than bare ground covering the land surface was considered ground cover estimate. These visual estimates of ground cover, based on the vertical projection of above-ground plant parts, for native grass, weeds (all other plants), and litter were recorded a day or two be- 
Forage Yield Measurements
During the second (2014) and third (2015) June after planting, plots were har- ) were calculated.
The same approach was used in estimating forage biomass during the second and third year (Year 2 and Year 3) after planting.
Data Analysis
The data were subjected to analysis of variance (ANOVA) as a RCBD with a split-plot treatments arrangement having seedling density and species as mainand sub-plots, respectively. Data were analyzed using a computer-based statistical software, the proc GLM, SAS 9.4 [12] . Due to poor and inconsistent germination patterns in the seeded plots, there was not enough data for a credible comparison with those transplanted. During the statistical analyses, therefore, this planting method was excluded from the data set. Data from the transplanted plots was then subjected to analysis of variance (ANOVA) with seedling density and species as fixed effects. Treatment means were compared by the Fisher's Least Significant Difference test at α = 0.05. During the data analyses, forage biomass from the first and second cuts were combined into year total yields within respective plot age (years after planting) as Year 2 and Year 3. However, analysis of the measured ground cover attributes was done only for the year of establishment and year 2.
Results and Discussion
Effects of Seedling Density and Species
On the study area, 2013 was a relatively wet year whose summer months expe- Table 1 . Except for the first cut forage yields during the first year and the proportions of ground covered by litter, all other parameters showed no significant species × density interaction at α = 0.05. The parameters also showed no significant seedling density effect (P > 0.05) although values for the first year total forage yield and ground coverage by liter seemed to be marginally affected (P = 0.052). In both harvest years, the species differed in forage yield, sward heights, and cover attributes but not ground cover and line intercept. Likewise, Table 2 summarizes the ANOVA results on cover attributes of the late-summer regrowth. All parameters studied showed no significant effect of seedling density or density × species interaction (P = 0.5). Species effect was only observed on canopy diameter and the proportion of ground covered by native grass.
Forage Biomass Production
Results of mid-summer and total forage biomass production recorded during the first harvest-year are summarized in Table 3 . Due to significant species × density interaction forage biomass (mid-summer and total) during the first harvest-year, respective species means are compared, separately, within each seedling density. During the first and second harvest-years, SG produced greater mid-summer forage biomass compared to the other three species whose means were also statistically similar. However, by late summer of the same year, forage biomass was similar for SG and IG and consistently greater than for GG, but not BB except at the medium seedling density. All other species mean differences were only numerical. Cumulative yields recorded during the first year were consistently greater for SG than BB or GG with the latter also being smaller than Mid-and later-summer harvests were recorded in June and August, respectively. ‡ ‡ Within a column and for same seedling density, species means followed by the same letter are not significantly different at α = 0.05. ¶ The probability of two means for the same parameter being significantly different.
IG. Cumulative forage biomass, across the three seedling densities, averaged nearly 14,000 and 10,000 kg DM ha −1 for SG and IG, respectively, both being greater than the average of about 5700 kg DM ha −1 for BB and GG.
Even with no significant treatment effect on the forage biomass, the values for SG tended to be in the order High > Medium > Low density. The trend was somewhat consistent with reported greater forage biomass at higher than lower plant densities for corn [13] and GG during the establishment [14] . In the current study, however, the within-row plant spacing was probably too close to allow enough room for crown expansion. While plants in the study by [14] were spaced ≥30 cm apart (45 cm row spacing), equivalent to nearly 9 plants m −2 , those in the current study were ≤30 cm apart or 10 -15 plants m 
Basal Ground Cover
The results summarized in Table 4 show how the treatments affected expansion of the native grass stubbles, based on basal diameter and within-row line intercept data. There being no significant species × density interaction effect on the recorded basal diameter, line intercept, or sward heights (Figure 1 ), species means have been pooled across seedling densities. Of the four native grass species, GG had the greatest early-spring basal diameters (26 cm) but, not statistically different (P < 0.01) from IG (24). The least mean basal diameter (18 cm) was for BB although not significantly different from the 21 cm for SG. Within-row, line intercepts were similar for GG (60) and SG (59) than both BB and IG that averaged 48 (P < 0.01). The same ranking was observed on the mid-summer sward heights, which ranged from 41 to 54 cm.
In the native grass stands, mid-summer canopy diameter also showed no treatment difference and proportional cover estimates averaged about 60% (Table 4) .
The cover by weeds (all other plants) were the least in GG (13%) although only statistically different from SG (P < 0.02) and at least twice as much ground surface was covered by litter (27%). The cover values for liter showed no species difference and averaged about 19% while the percentage bare ground was only about 5% in SG, exceeding the three folds the 1.5 average for the other species.
V. W. Temu et al. , respectively, but with no effect on the cover attributes. ‡ Averaged six-point estimates of proportions of three alternate 1-m inner-row segments spaced ≥60-cm apart that were intercepted by the native grass stems at about 2.5 cm stubble-height. ‡ ‡ Three-point average of the heights at which a meter stick held horizontally above the sward touched at least two tallest leaves on separate rows. ¶ Within a column, means followed by the same letter, lowercase for means under the same seedling density or uppercase for same species across densities are not significantly different at α = 0.05. § The probability of two species means for the same seedling density being significantly different.
This lack of wide variations in the measured cover attributes demonstrate a desirable ability of transplanted NWSGs to quickly establish thick stands and suppress the growth of weeds. Based on the fact that basal diameters of the NWSGs were only ≤ 26 cm, weeds suppression was mostly attributable to their stand structure; characterized by canopies that are much wider than their crowns. It is, therefore, important that defoliation be managed to favor faster regrowth and canopy closure, thus keeping weeds from outgrowing the recovering perennials.
These differences may, therefore, be more attributable to species potential rather than their comparative tolerance to defoliation.
Species Sward Structure
The treatment responses in late-summer canopy diameters and proportional ground cover values showed no significant species × density interaction (Table   5 ). Species comparison for these parameters was, therefore, based on means pooled across seedling densities. For the canopy diameter, GG had greater (57 cm) values (P < 0.01) than both BB (47 cm) and SG (51 cm) but similar to that of IG (54 cm). Of the four NWSG species, GG had the greatest mean percentage ground cover value (52), although not significantly different from that of IG (45). The least ground cover value was for BB (36) but statistically similar to SG (41). Additionally, the proportions of bare ground, that was covered by weeds and litter showed no species difference and averaged about 14%, 38%, and 4%, respectively. These similarities in the assessed cover attributes among the native grasses recovering from common defoliation events suggest that their usefulness as summer wildlife habitat is most likely as food rather than shelter. Their reliability as wildlife feed resources will still depend on the proportions of desirable V. W. Temu et al. 
